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THE ELECTRO DEPOSITION OF LEAD IN SUGAR AND ACETATE SOLUTIONS. 
INTRODUCTION. 
HISTORY: 
The electro depostion of lead dates back to 1862, when 
Wohlerl obtained crystalline deposits of lead upon the cathode 
by the electrolysis of lead nitrate solutions. Tne lead was 
always copper colored. 
In 18?6 Lucknow2 found that lead separated from a neutral 
solution of lead nitrate. partly as a metal and partly as a 
peroxide. 
Leuchs3 in 1886 first electrolyzed lead fluosilicate. 
The solution contained 300 grams of lead fluosilicate per 
liter. Thick, bright metallic lead was precipitated upon the 
cathode and fine deposti\s of lead peroxide upon the anode. 
I 
Betts afterwards took up this scheme and developed it, as will 
be discussed later. 
Tommasi4 in 1896 electrolyzed a sOlution of lead and 
potassium acetates with other Bubstances which were supposed 
to hinder the formation of lead peroxide upon the anode. 
Semi-circular anodes and circular rotating cathodes were used. 
In 1901, Betts5 took the same solution of Leuchs but 
used lead electrodes as he was interested in the refining of 
lead. But the deposit seemed loose and crystals would grow 
at the edge of the cathode, leading to short circuits. 
Note: Numbers refer to bibliography. 
2. 
In 1903 he improved the process by adding a so-oalled 
tt reducing agent" which prevented the crystallization of the 
lead and gave smooth cathode deposits which were characterized 
by substantial purity. coherence, and uniformity of structure 
throughou t · 6 
A description of a plant using Bett.' latest process 
is written by Turnbull.? The important conditions are:-
12 percent SiF6 , 5-6 percent lead, 0.2-0.3 percent HF by 
volume and 16 amperes per square foot. 
The scrap in the slime amounted to 15 percent of ·the 
weight of the anodese For every ton of lead deposited, 400 
to 500 grams of gelatine were added. The current yield was 
from 85 to 90 percent. 
Matherss discovered the use of perchlorate baths for 
electroplating and refining of lead. He states that perchIo-
ric acid is a better conductor than fluosilicic acid and is 
also more stable, for the fluosilicic acid decomposes to 
some extent into lead fluoride and silica. The only dif" 
ficulty he seemed to find, was in procuring the proper ad-
dition agent. 
Mathers and" Overmang made a study of about 150 different 
addition agents in lead perchlorate solutions. The baths used 
contained about 6 percent lead and 4 percent perchloric adid. 
Clove oil and peptone gave the best results. 
3. 
Mathers 10 again tried to deposit lead from acetate 
solutions: he used 150 different addition agents and found 
that a residue from aloes gave the best results. 
THEORIES. 
It has not escaped attention that, as a general thing, 
complex salts give good deposits. Two explanations are 
given for this. 
{l} Hittorf's TheorY-II 
Hittorf explains the electrolysis of complex salts, 
for example the comples cyanide, as follows:-
KCN + AgN03 = AgCN + KN03 
When more cyanide is added the silYer cyanide is dissolTed 
and the compleX salt is formed as:-
AgCN + KCN • KAg(CN)2 
Now when this solution is electrolyzed it breaks up into 
K+ and Ag(CN)2. The potassium goes to the cathode and the 
complex ion to the anode. But this complex ion is unstable 
in the molecular state and breaks up into eN and AgCN. In 
the meantime the potassium liberated at the cathode has re. 
acted with some of the undecomposed potassium silver cyanide 
which is decomposed ac~ing to the equation:-
Kt: + KAg( eN) 2 = 2KCli + Ag+ 
4. 
The silTer thus liberated travels to the cathode and is 
deposited. The regenerated KeN dissolves more silver cyanide, 
therefore there is always an excess of cyanide present. 
A modified theory, considers the K+ as discharging before 
acting strictly chemically upon the KAg(CN)2 ; this conception 
leads to a plausible explanation of the structureless nature 
of the silver deposited out of a cyanide solution as contras-
ted with the crystalline structure when deposited directly. 
Postulating a parallelism between size of grains and 
ionic concentrations, Bancroft needs appeal to no special hy-
pothesis for the behavior of complex sOlutions. This matter 
canno~ be considered closed, for a crucial experiment may yet 
be devised to decide between the two conceptionSe 
(2)" Bancroft's TheorYe 12 
The only specific action of electrolysis which can be 
~ 
attributed to the current~that it tends to set free the 
anions at the anode and the cations at the cathode. Anything 
else in electrolysis is a question of chemistry, depending 
upon the reaction velocity and equilibrium relations in each 
'particular case. 
Let us cite a few cases:-
If a current is passed through a slightly acidified 
solution of copper sulphate, we get a precipitation of metalli c 
copper. This is merely the action of the current setting 
free the cation copper at the cathode. 
5. 
Now if we acidify the solution further by adding sul-
phuric acid in one case and nitric acid in another, we find 
that a certain amount of nitric acid will preyent the pre-
cipitation of copper, while more sulphuric acid must be ad-
ded to cause the same effect. The reason for this is that the 
nitrio acid attacks the copper readily and the sulphuric acid 
does not. 
Only under special circumstances does it become impoBsi-
ble to precipitate copper from an aqueous SOlution; on the 
other hand it is very difficult to precipitate sodium: the 
rapid chemical action of sodium on wat"er as the cause of this 
difficulty. But if a SOlvent is found which does not react 
with the sodium and whioh would dissolve sodium salts to for.m 
a conducting solution, then sodium could be precipitated with-
out difficulty. 
If a solution containing copper sulphate and zinc sulph-
h . 11 b . . tOtd Th ate is electrolyzed, t e copper W1 e preclpl ~. e 
reason why zinc will not precipitate is , when we dip a rod 
of zinc in a copper sulphate solution, the zinc will dissolTe 
and the copper will precipitate. When no other disturbing 
factors are present we find that the more rapidly one metal 
precipitates another from solution, the leas readily will that 
metal be precipitated electrolytically from a solution con-
taining the two metals. Similarly, with the form of the pre-
cipitate; this is analogous to simple crystallization; the 
same factors act in the aame way_ Bancroft deduces the effect 
of current density, concentration, t.emperature, and certain 
addition reagents on the nature of the cathode deposit 
and makes So good case especially &.6 his laboratory has fur-
nished numerous experimental confirmationso l3 
(3) Mathers' Idea. 14 
Ma thera says that any metal can be deposi t.ed in sui t.ble 
form providing the proper reducing or addit.ion agent is added" 
Lead was precipitated from lead acetate solution which 
contained ammoniuffi perchlorate as an addition agent and the 
extractRa- of aloes as a reducing agent. 
It is notable that no theory has been proposed for the 
variation of the nature of the deposits due to the variation 
in the anion, much less in the addition agents, other than 
the cases mentioned by Bancroft" 
(4) Our Idea. 
The predominance of complex salts among the good plating 
solutions suggested to us that sugar solutions of lead, in 
which the lead is presumably present as a complex ion, CQuid 
give good deposits of lead. In fact we had some indications 
to that effect.15 
7. 
EXPERlYENTAL DATA. 
In my experiments lead compounds of sugar were chiefly 
used. I tried to show that lead could be refined by using 
alead-Bugar bath and carried out my e~perimente as followe:-
1. Effect of Current Density. 
2. Effect of Acid Concentration. 
3. Effect of Lead Concentration and Rot~ting 
Cathodes, 
4. Proper Reducing Agents. 
8. 










c. D. (Amp. per sq. ft.) 
36 
18 
7 .. 2 
Ka.ro corn syrup in which lea.d oxide wa,s diesol ved, was 
used as a bath. (1) and (2) had very spongy precipitates 
on the bottom of the cell. The anodes were plated black. 
(3) showed aome white color but still was spongy. The electro4 
lytes or baths before electrolyzing were slightly brown, 
after the electrolysis the solutions were clear. 
I decanted the clear Bolutior- and added 25 cc. acetic 
acid per liter, then electrolyzed with a current density of 
3.6 amperes per equare foot. Large adhering crystals of lead 
formed on the cathode and at small portion of the black spongy 
lead was at the bottom of the celIe 
(b) 
No. % Syrup % Pb Acetate % Acetic Acid C. De 
1. 10 10 1.5 7.2 
2. 10 10 1.5 3.6 
3. 10 10 1.5 2.2 
The lead oxide solution being difficult to handle, the 
lead aceta. te was substituted. (1) and (2~ had very large 
crystals around the edges but the center of the cathode had 
9. 
gr..,nu1ar deposits. (3) ga.ve a very good depoeit; there 
were but few crystals around the edges. The body of the 
CQ,thode had a very adhering, fine granular deposi t. From 
this series of experiments I deduced that the current density 
best suited is 2.2 amperes per square foot, and there should 
be a little acid presente 
2. Effect of Acid Concentra.tion .. 
No. % Syrup % Pb Acetate c:1 I;) Acetic Acid c. D. 
, 10 ...... -~-. 2.2 .... 
2. --- ... - 10 2 2.2 
3. 10 10 2 2.2 
4. 10 10 2.2 
(3) gave a very good deposit similar to (3) of experi-
ment (b) in 1, only the crystals were a little larger. 
10. 
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Rotating cathodes were used in this experiment thinking 
'hat in rotating the current would be evenly distributed OYer 
the cathode surf~ce and also keep the solution of the same 
concentration throughout. (2) and (5) gave the best deposits 
with very little crystal\S. The othere had large crystals 
on the lower edge. Therefore, it shows that low lead con-
centration gives the best results. Another experiment with 
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(2) gaTe the best deposit but still there were small 
crystals on the lower edge. 
11. 
4. Proper Reducing Agent. 
% 
No. % Sugar Addi tion % Pb Acetate % Acetic Acid C. D. Agent 
1. 10 5 2 2.5 -------
Gelatine 
2. 10 5 2 2.5 0.1 
Glue 
3. 5 5 2 2.5 0.1 
., 
4. 5 5 2 2.5 Aloes 
1 
5. 10 5 2 2.5 Aloes 
1 
(4) gave the best deposit but still there. were few 
small crye tale on the cs. thode. The surf~.ce was very bright; 
a very fine granular deposit. The idea of aloes was obtained 
from Mathers. The aloes were boiled and the liquid was 
decanted and used as the addition agent. 
Art experiment to show whether sugar aids or retards the 
formation of crystals on the cathode. 
No. % Sugar % Pb Acetate % Acetic Acid % Aloes C. D. 
1. 5 2 0.1 2.2 
2. 10 2 0.1 2.2 
3. 5 5 2 0.1 2.2 
4. 10 5 2 0.1 2.2 
12. 
(1) gave a very good deposit while (4) had many large 
crystals adhering to the cathode. Therefore, ~ccording to 
our experiment, sugar really a.ided in the formation of crYfi-
tale. 
The following experiment seemed to show that perohlo-
rate was not necesss.ry,when aloes were used, for good deposi ts, 
which was the casis of Kathersa patents. 
No. % Pb Acetate % Acetic Acid % Aloes c. D. 
1. 5 2 0.5 3.0 
2. 5 1 0.5 3.6 
3. 3 I 0.5 3.6 
(3) gave a very good deposit. After a 48 hour run 
there were but few small crystals adhering to the lower edge 
of the cathode. The deposit was of even texture and had few 
striations. No pits were seen on either of the electrodes. 
Refining Experiment. 
Analysis of Anodes. 
No .. % Pb % Sb % eu % Bi. 
1. 98 2 0 0 
2. 97 1 1 1 
3. 99 1 0 0 
4. 98 I 1 
5. 100 0 0 0 
13. 
The bath contained ~% lead acetate, 1% acetic acid 
and 0.5 % aloes. The current density was 3.6 amperes per 
square foot on a 24 hour run. All the deposits were very 
good. The cathode gained 41.35 grams while the anode lost 
44.1 grams. So 2.75 grams of anode went either to the slime 
or to the solution. The current efficiency was 94 percent. 
No antimony, bisrnuth,or copper was found in the solution -
therefore they must have gone to the slimes. 
14. 
CONCLUSION' • 
The experiments, while ha,rdly sufficiently numerous" 
seemed to indicate that sugars do not have a good effect on 
cathcdic lead deposits. The preliminary experiments which 
suggested this work probably erred in the same sense as did 
Glaeer16 ,-a.n error pointed out by Betts, Yiz: - there a.re 
three kinds of lead deposits, crystalline, smooth, and spongy_ 
Platers and refiners desire the smooth, that is, non-crystal-
line; but spongy deposits are not crystalline/although at 
le_.at equally as undesirable as crysta,lline depoei ts. This 
point should be more ca.refully investigated. 
On the other hand M~therst perchlorate seems to be quite 
sup~rfluous, for the addition of the aloes alone yields 
satisfactory deposits in aceti'lte solutions. 
We have also confirmed Snowdon t s 13 work with the rotating 
cathode and acetate solutions. 
The experi~ents listed indicate to some extent the 
optimum conditions of current density, acidity, and lead 
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